The most widely used peritoneal function test is the peritoneal equilibration test (PET), developed and described by Twardowski in 1987. The test was originally performed using a 2.27% glucose solution and focused on transport of small solutes. With the test, categorization of patients was possible into high, average and low transporters. However, to detect clinically significant ultrafiltration failure and to make an evaluation of the cause, the International Society for Peritoneal Dialysis (ISPD) committee on ultrafiltration failure advised to perform the test with a 3.86% glucose solution. Since then, reference values for this test were assessed and further possibilities of utilizing the results were tested. In this review, the new developments in monitoring peritoneal function are described and a guideline proposal for this monitoring is given.
Peritoneal equilibration test
Because the alterations in transport parameters occur in the course of peritoneal dialysis (PD), a regular follow-up is desired to characterize the functional status of the membrane and to assess the required dialysis dose [1, 2] . Intra-individual changes can then be detected and adjustments can be made. Also, the results of interventions can be examined and complications can be detected at an early stage. Most nephrologists use the peritoneal equilibration test (PET), which is performed during a 4 h dwell with a 2.27% glucose dialysis solution [3] . It measures small solute transfer and net ultrafiltration. The dialysate/ plasma ratio of creatinine (D/P creat ) at the end of the procedure, and the dialysate 240 /initial dialysate ratio of glucose (D t /D 0 ) are calculated and are used as parameters of solute transport. The International Society for Peritoneal Dialysis (ISPD) Committee on ultrafiltration failure has proposed to perform peritoneal function tests with a 3.86% glucose solution, instead of the 2.27% glucose PET [4] . A test with 3.86% glucose provides better information on ultrafiltration, because the larger drained volume makes the result less subject to measurement errors, and is more sensitive to detect clinically significant ultrafiltration failure. In addition, the phenomenon of sodium sieving, associated with a hypertonic glucose solution, provides an assessment of free water transport [5] . However, because the PET with a 2.27% glucose solution has been the peritoneal function test for years, some concern has been raised about the interpretation of the results when a solution with a different tonicity would be used. This was addressed in various studies comparing 'PET parameters' obtained with lower osmolality solutions (1.36 or 2.27% glucose) with 3.86% glucose dialysate. These studies showed no effect of the dialysate glucose concentration on the D/P creatinine [6, 7] Figure 1 . In addition, no important change in categorization into a transport group was present [6] .
Reference values for 3.86% glucose PET were published recently [8] . Normal values for D/P creatinine are given in Table 1 .
Detection of ultrafiltration failure
Overhydration is an important problem in PD patients, especially when residual urine production is decreasing. When overhydration is caused by a low drained volume, a distinction has to be made between mechanical problems, such as catheter dislocation or subcutaneous leaks and peritoneal membrane failure. When mechanical problems are ruled out, the diagnosis membrane failure can be made when the net ultrafiltered volume is <400 ml after a standardized 4 h dwell using a 3.86% glucose solution (ISPD Guidelines) [4] . There are different membrane-related causes of ultrafiltration failure. The presence of a large vascular surface area, characterized by a high dialysate/plasma ratio of creatinine, is the major cause of ultrafiltration failure. It leads to high absorption rates of low molecular weight osmotic agents, and therefore to a rapid disappearance of the osmotic gradient. In addition, a high effective lymphatic absorption rate can be the cause of ultrafiltration failure, due to a decrease in intraperitoneal volume [9] . Impaired free water transport, caused by a decreased osmotic conductance to glucose, is another important cause of ultrafiltration failure [10] . A very rare cause for ultrafiltration failure is the presence of an extremely small vascular surface area, e.g. in case of adhesions, where only a limited part of the peritoneum is available as a dialysis membrane [11] . A combination of factors may be present.
Solute transport
In the PET, D/P creatinine and D t /D 0 glucose reflect the effective vascular surface area. This is usually not a static membrane property, but can be subject to changes. During peritonitis vasoactive substances will lead to an enhanced perfusion and to vasodilatation of the peritoneal vessels. Solute transport will therefore increase and, owing to a rapid decrease in the osmotic gradient, net ultrafiltration will be lower [12] This change in transport is reversible after recovery of peritonitis [13] . Also, the preceding dwell can influence the small solute transport and the net ultrafiltration significantly. Moriishi and co-workers [14] found that D/P creatinine was significantly higher after a long dwell with icodextrin, compared with a dwell with 2.27% glucose, even when the test was preceded by a rinsing procedure with glucose. This was also observed for net ultrafiltration. Therefore, it seems important that it is noted with which solution the patient performed the exchange the night before the test or that he is instructed to always use glucose the night before a PET.
During long-term treatment, an increase in solute transport and a decrease in ultrafiltered volume were found in longitudinal observations [15] . In the peritoneal biopsy registry [16] , a possible anatomical explanation was found for this functional enlargement of the vascular surface area. The amount of vessels in long-term PD patients was significantly higher than that of normal control patients or uremic, non-PD patients. This suggests a possible role for the treatment with unphysiological PD fluids in the aetiology of neoangiogenesis.
Free water transport
Impaired free water transport, caused by a decreased osmotic conductance to glucose, is an important cause of ultrafiltration failure. This complication seems to be associated with long-term PD and is rare in short-term treatment [17] . Osmotic conductance to glucose is the product of the peritoneal ultrafiltration coefficient (L p S) and the reflection coefficient of glucose (s) [11] . A reduced L p S Â s product will lead to a decrease in peritoneal free water transport, and therefore to less sodium sieving. Sodium sieving can be measured as the maximum dip in D/P sodium. This is calculated as the dialysate sodium concentration divided by the plasma sodium concentration. The maximum dip D/P sodium is the difference between the initial D/P sodium and the lowest D/P sodium (usually after 1-2 h). Correction for Na þ diffusion from the circulation to the dialysate, known to cause blunting of the decrease in D/P Na þ , can be done as described previously [18] , using the mass transfer area coefficient of creatinine. The calculated sodium concentration in the dialysate due to diffusion is then subtracted from the measured concentration at any time point, resulting in the actual Na þ sieving. La Milia and co-workers [19] suggested calculating the exact volume of free water transport by measuring the amount of sodium (dissolved in water) transported through the small pores after a 1-h dwell. Since the total ultrafiltered volume is known, subtracting the small pore transport from the total will result in the amount of water transported through the water channels [19] . This method was sophisticated later [20] , using a volume marker, so that free water transport at every time point could be calculated by multiplying the sum of the initial intraperitoneal volume (IPV) and Low ¼ dialysate-to-plasma (D/P) creatinine exceeding meanÀ1 SD; Low-average ¼ D/P creatinine between mean and meanÀ1 SD; High-average ¼ D/P creatinine between mean and mean þ 1 SD; High ¼ D/P creatinine exceeding mean þ 1 SD.
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the ultrafiltered volume (in litres) with the dialysate sodium concentration after correction for diffusion:
Amount of sodium present ¼ ðinitial IPV þ ultrafiltered volumeÞ Â dialysate sodium ðafter correctionÞ
This can be calculated for a time point of zero (t 0 ) and for any time point during the dwell (t t ). Subtracting t 0 from t t results in the amount of sodium transported at any time point of the dwell:
Amount of sodium transported ¼ sodium present t t À sodium present t 0
Dividing the amount of transported sodium with the sodium concentration in the small pores (which is the average of the plasma sodium concentration and the dialysate sodium concentration) results in the volume (in litres) of fluid transported through the small pores:
Fluid transport through small pores ¼ amount of sodium transported sodium concentration in the small pores The volume transported through the small pores was then subtracted from the total volume transported, resulting in free water transport. The contribution of this free water transport to the total fluid transport was expressed as a percentage:
Free water transport % ¼ volume free water transport total fluid transport Â 100%
It appeared on both studies that the contribution of free water transport was about 40-50% in the first hour of a hypertonic exchange. Computer simulations by Venturoli and Rippe [21] showed that both the La Milia method and the more sophisticated technique lead to reliable results. However, the La Milia method is much easier to use in common practice.
Lymphatic absorption
Lower drained volume due to increased fluid absorption can be measured by adding a volume marker to the instilled dialysate. Its clearance can be used to calculate the effective lymphatic absorption rate (ELAR) [22] :
In which, the difference between the instilled (i) and recovered (r) dextran mass is divided by the geometric mean of the dialysate dextran concentration. Using the convective loss of dextran during the dwell to calculate the ELAR implies that all pathways of lymphatic drainage from the peritoneal cavity, both subdiaphragmatic uptake and transmesothelial transport are included in the definition of the ELAR. Lymphatic absorption rate does not change significantly during long-term treatment [23] and appeared to be more frequent in ultrafiltration failure in shortterm PD than in long-term PD [17] .
Follow-up of the effluent marker CA-125
Cancer antigen-125 (CA-125) can be used as a marker of mesothelial cell mass [24] . With the use of bioincompatible dialysis solutions, the balance between mesothelial degeneration and regeneration can be disturbed. This leads to a reduction of mesothelial cell mass, which is reflected by a decrease in effluent CA-125. This is observed in longitudinal studies where a gradual decrease of CA-125 was present [25] . In patients who develop peritoneal sclerosis, a significantly lower CA-125 level was observed prior to the diagnosis [26] . However, at this moment no established reference values for CA-125 are available. A sustained decrease in effluent levels of CA-125 can only be a warning sign for the nephrologist that the peritoneal mesothelial cell layer is damaged. Biocompatibility studies show higher effluent CA-125 levels when dialysis fluids with a normal pH, lower glucose degradation products (GDP) content or alternatives for glucose were used [27] . No clear correlation between transport parameters and CA-125 levels has been found, although there are reports of a positive correlation between CA-125 and small solute transport in the first 2 years. This was ascribed to the production of vasoactive substances by mesothelial cells [28] .
Proposal for the PET in the future
At least a yearly monitoring of the peritoneal membrane status, using a hypertonic glucose solution (3.86%/4.25%) is advised. In this way, not only small solute transport parameters can be followed in time, but also ultrafiltration failure can be detected more reliably. Net ultrafiltration should be at least 400 ml after a 4 h dwell. The use of a hypertonic solution enables an estimation of free water transport, either using the maximum dip in D/P sodium or the exact amount of free water transported through the water channels by the method of La Milia. Frequent measurement of dialysate CA-125 levels can give information on the mesothelial cell layer.
Fast solute transport can lead to a transfer to shortcycle PD, and slow transporters are better-off with longer dwell times. Patients with a decreased free water transport will not benefit of higher glucose concentration, but can be treated with icodextrin solution. Patients with high lymphatic absorption rates will benefit with small volumes and shorter dwell times. In case of a persistent decrease in net ultrafiltration, accompanied by an increase in solute ii18 W. Smit transport, with a decrease in free water transport and a decrease in effluent CA-125, peritoneal deterioration should be suspected and transfer to hemodialysis should be considered. The development of the mini-PET, as recently suggested by La Milia, is a promising new tool, but its usefulness in the follow-up of prevalent patients should still be explored.
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